Introduction
============

Head and neck squamous cell carcinoma (HNSCC), a common malignant tumor of the head and neck region, is primarily comprised of lip, oral cavity, larynx, nasopharynx and other pharynx carcinomas. In 2012, the number of new HNSCC cases reported worldwide was \~686,000, while the HNSCC-associated mortality cases were 375,000 ([@b1-mmr-19-01-0143]). Currently, smoking and alcohol consumption are deemed to be risk factors for HNSCC development; furthermore, human papilloma virus (HPV) infection is considered to have an important role in the occurrence and prognosis of HNSCC ([@b2-mmr-19-01-0143]). In spite of the application of surgery, chemoradiation and multimodal treatment approaches, the prognosis of HNSCC remains poor due to local recurrence and metastasis, and the 5-year overall survival is \~50% ([@b1-mmr-19-01-0143]). Furthermore, poor prognosis is partially attributed to the lack of understanding of the molecular mechanism underlying the development of this cancer. The oncogenesis and progression of HNSCC is a complicated process involving multiple molecules, including microRNA-98 ([@b3-mmr-19-01-0143]), Twist family BHLH transcription factor 1 ([@b4-mmr-19-01-0143]) and Mastermind-like 1 ([@b4-mmr-19-01-0143]). With the application of immunotherapy, multimodal therapeutic approaches may be improved in the future ([@b2-mmr-19-01-0143]). Thus, identifying specific tumor markers and novel molecular targets for the treatment of HNSCC is important.

Huang *et al* ([@b5-mmr-19-01-0143]) has recently proposed that lysine (K)-specific demethylase 5B (KDM5B) is overexpressed in HNSCC tissues as compared with its levels in adjacent noncancerous tissues, and may be a significant prognostic biomarker of HNSCC on account of the association between KDM5B and overall survival times. A previous study by Trivedi *et al* ([@b6-mmr-19-01-0143]) suggested an association between the expression of several tumor markers (including pemphigus vulgaris antigen, parathyroid hormone-related peptide and tumor-associated calcium signal transducer 1) and the metastasis of HNSCC to the lymph nodes. Furthermore, numerous established or emerging biomarkers associated with HNSCC have previously been explored, including hypoxia-inducible factor 1, carbonic anhydrase IX, programmed death ligand-1 and cytotoxic T-lymphocyte antigen 4, which are involved in immune checkpoints, hypoxia and radiation sensitivity ([@b7-mmr-19-01-0143]). Tumor markers vary widely due to the multiple anatomical sites and histological types of HNSCC; thus, the identification of more valuable tumor markers of HNSCC is required.

The approach for screening tumor markers and molecular targets has improved with the application of microarray and transcriptional sequencing technologies ([@b8-mmr-19-01-0143],[@b9-mmr-19-01-0143]). Microarray analysis and high-throughput sequencing technology provide valuable information and have been successfully used in marker screening for numerous tumors ([@b10-mmr-19-01-0143],[@b11-mmr-19-01-0143]). The transcriptome data containing large amounts of information is stored in a public database for sharing. Data mining and bioinformatics analysis allow for transcriptome data to be fully utilized by researchers and enable more reliable biological information to be obtained ([@b12-mmr-19-01-0143]--[@b14-mmr-19-01-0143]). Biological and medical research has improved through the generation and development of bioinformatics ([@b15-mmr-19-01-0143]). Numerous biological websites and software are available for use in bioinformatics analysis, including The Cancer Genome Atlas (TCGA) ([@b16-mmr-19-01-0143]), Gene Expression Omnibus (GEO) 2R ([@b17-mmr-19-01-0143]), The Database for Annotation Visualization and Integrated Discovery (DAVID) ([@b18-mmr-19-01-0143]), Gene Expression Profiling Interactive Analysis (GEPIA) ([@b19-mmr-19-01-0143]). These websites and software have been successfully applied in numerous biological studies ([@b13-mmr-19-01-0143],[@b14-mmr-19-01-0143]).

Despite the extensive application of bioinformatics analysis in biomarker screening, investigations regarding HNSCC are limited. Demokan *et al* ([@b20-mmr-19-01-0143]) have demonstrated that guanine nucleotide-binding protein γ-7 (GNG7) is downregulated in HNSCC through expression profile screening, and the expression level of GNG7 was then validated by quantitative methylation-specific polymerase chain reaction. A recent study also identified differentially expressed miRNAs and mRNAs in laryngeal squamous cell carcinoma through data mining and bioinformatics analysis ([@b21-mmr-19-01-0143]). Therefore, the present study aimed to identify novel diagnostic, prognostic or predictive biomarkers for HNSCC, and highlight the core genes associated with HNSCC through bioinformatics analysis.

In the present study, three mRNA expression profiles associated with HNSCC were retrieved and filtered from the National Center for Biotechnology Information (NCBI)/GEO datasets, which are public and freely available databases ([@b17-mmr-19-01-0143],[@b22-mmr-19-01-0143]). The differentially expressed genes (DEGs) in each data series were analyzed using GEO2R. The intersection of the three sets of DEGs extracted from the three data series included 19 mRNAs, which were defined as the hub genes and deemed to be highly associated with HNSCC. Through bioinformatics analysis, validation and survival analysis of a large sample size based on TCGA, a total of nine hub genes were identified as potential tumor markers and important prognostic indicators for HNSCC.

Materials and methods
=====================

### Data mining

Transcriptome expression profiles of HNSCC patients were retrieved from the NCBI-GEO datasets (<https://www.ncbi.nlm.nih.gov/gds/>) and used for further screening. Three data series were selected for investigation in the present study, including GSE6631, GSE58911 and GSE83519. The screening criteria were set as follows: The mRNA expression profiles selected were derived from matched-pairs sample, while data derived from non-paired sample or cell lines were excluded. The series GSE6631 and GSE83519 included 22 paired samples each, and GSE58911 contained 15 paired samples. These data series were downloaded (retrieval date, January 7, 2018), and the DEGs between the HNSCC and matched control samples included in the three data series were filtered using GEO2R ([www.ncbi.nlm.nih.gov/geo/info/geo2r.html](www.ncbi.nlm.nih.gov/geo/info/geo2r.html)), an NCBI-GEO integration tool. The default parameters used for DEG identification was a false discovery rate (Benjamini-Hochberg procedure) and P\<0.05 ([@b17-mmr-19-01-0143],[@b22-mmr-19-01-0143]). Then, MultiExperiment Viewer ([@b23-mmr-19-01-0143]) and R package 'ggplot2' were applied for cluster analysis and visualization of DEGs. With these software, the overall distribution of DEGs in cancer tissues and paired normal tissues may be presented using a hierarchical clustering graph. The distribution of each DEG in different samples and the distribution of all DEGs in a given sample may also be distinguished using a clustering graph. The distribution tendency of DEGs may be presented directly using a volcano diagram.

### Screening of hub genes

Three sets of DEGs derived from the three data series were further filtered according to rigorous screening criteria, including a fold change (FC) of ≥2 and P≤0.05. The newly acquired sets of DEGs were used in subsequent analyses. The intersections of the three sets of DEGs originating from the data series (GSE6631, GSE58911 and GSE83519) were presented using a Venn diagram, which was implemented with the online software VENN DIAGRAMS (<http://bioinformatics.psb.ugent.be/beg/tools/venn-diagrams>). Subsequently, the common genes of the three DEG sets were extracted and defined as hub genes if they were highly correlated with HNSCC.

### Validation of relative expression levels of hub genes

In order to confirm and increase the reliability of the data analysis, the relative expression levels of hub genes in HNSCC were validated using GEPIA (<http://gepia.cancer-pku.cn/index.html>; retrieval date, January 9, 2018), an online analysis software based on the TCGA and Genotype-Tissue Expression (GTEx) databases, using \|logFC\|≥1 and P≤0.05 as the cut-off criteria ([@b19-mmr-19-01-0143]). The results are presented as box plots.

### Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses

The GO project describes genes and gene products on the basis of three different aspects, namely biological processes, molecular functions and cellular components, in a species-independent manner. GO has been widely used for genomics and proteomics analyses in biomedical research ([@b24-mmr-19-01-0143],[@b25-mmr-19-01-0143]). KEGG, which primarily consists of various functions, including KEGG PATHWAY and KEGG GENES, is used for understanding high-level functions from molecular-level data ([@b26-mmr-19-01-0143]). The KEGG PATHWAY, a manually reference database for pathway mapping, represents the current knowledge on molecular interactions, reactions and association networks ([@b26-mmr-19-01-0143]). To gain an improved understanding of the hub genes, GO enrichment and KEGG pathway analyses were performed using DAVID, an online integration tool (retrieval date, January 9, 2018) ([@b18-mmr-19-01-0143],[@b27-mmr-19-01-0143]).

### Construction and analysis of protein-protein interaction (PPI) network

For a more in-depth understanding of the associations among hub genes, the PPI network of hub genes was structured via online database STRING, according to the provided manual (retrieval date, January 9, 2018) ([@b28-mmr-19-01-0143]). PPIs may be evaluated and integrated via the PPI networks ([@b28-mmr-19-01-0143]). Furthermore, the expression correlation of key nodes was verified using GEPIA (retrieval date, January 9, 2018).

### Extraction and analysis of potential tumor markers

In order to identify tumor markers associated with prognosis, the hub genes were further filtered according to the score of nodes and the strength of interaction in the PPI network. Next, a log-rank test of overall survival (200 months was the longest follow-up period) associated with these selected hub genes was performed using GEPIA (retrieval date, January 9, 2018).

Results
=======

### DEGs derived from three data series associated with HNSCC

Initially, eight data series (including GSE83519, GSE58911, GSE6631, GSE23036, GSE13397, GSE40185, GSE10774 and GSE7073), which were able to be analyzed with GEO2R, were obtained by the retrieval of mRNA expression profiles associated with HNSCC in NCBI-GEO datasets. Among them, five data series were excluded out according to the screening criteria, including the cell line-based series GSE40185, GSE10774 and GSE7073, as well as the unpaired tissue sample-based series GSE23036 and GSE13397. The remaining three data series (GSE83519, GSE58911 and GSE6631) that met the screening criteria were used in the subsequent investigation.

GEO2R is a NCBI integration analysis tool for expression profile data and may be used to screen DEGs of two or more groups of sample sources ([@b17-mmr-19-01-0143],[@b22-mmr-19-01-0143]). Three sets of DEGs derived from the three included data series were acquired by GEO2R analysis, and these are listed in [Table I](#tI-mmr-19-01-0143){ref-type="table"}.

In order to present the distribution of DEGs in each sample, the microarray data associated with the three NCBI-GEO datasets were downloaded, and the relative gene expression values of DEGs were extracted from the microarray data. Based on this, clustering analysis was performed using MultiExperiment Viewer, an open-source genomic analysis software ([@b23-mmr-19-01-0143]). Subsequently, a volcano diagram was developed using the R package 'ggplot2'. The hierarchical clustering graphs and volcano diagrams are presented in [Fig. 1](#f1-mmr-19-01-0143){ref-type="fig"}. Hierarchical clustering graphs and volcano diagrams of DEGs of the three data series presented that the DEGs are both upregulated and downregulated in cancerous tissues, but mainly downregulated in cancerous tissues, which suggested that the inactivation of tumor suppressor genes and the activation of oncogenes played important roles in the development of HNSCC, especially the inactivation of tumor suppressors.

### Nineteen hub genes are screened from the DEGs of the three data series

The common DEGs from the three data series may be associated with HNSCC and were defined as the hub genes. A total of 19 hub genes were extracted using the VENN DIAGRAMS drawing tool ([Fig. 2A](#f2-mmr-19-01-0143){ref-type="fig"}), and were then visualized as hierarchical clustering graphs for each data series ([Fig. 2B-D](#f2-mmr-19-01-0143){ref-type="fig"}). Among the 19 hub genes, 11 hub genes (including SPP1, COL4A1, COL1A1, FN1, ITGA6, MMP1, MMP11, LAMC2, FAT1, SERPINE1 and MMP9) were overexpressed in the HNSCC samples compared with the paired corresponding control samples. Conversely, 8 hub genes (including GPD1 L, MYH7, ATP2A1, HOPX, CEACAM1, TMPRSS11D, ABLIM1 and ACTA1) were downregulated in the cancerous samples compared with the controls.

### Relative expression levels of hub genes in HNSCC samples against paired corresponding normal samples are validated using GEPIA

Although the screening of hub genes performed in the current study was vigorous and highly reliable, the relative expression levels of 19 hub genes in tissues were further validated through the online analysis tool GEPIA, which is based on TCGA and GTEx databases (tumor, 519 cases; normal, 44 cases in GEPIA). The results demonstrated that the relative expression trend of the 19 hub genes in GEPIA were consistent with the expression profiles ([Fig. 3](#f3-mmr-19-01-0143){ref-type="fig"}), supporting the reliability of the data analysis.

### Nineteen hub genes are involved in multiple GO terms and KEGG pathways

GO and KEGG pathway analyses of 19 hub genes were further performed using the online analytical tool DAVID (threshold, count ≥3; EASE score, ≤0.05), in order to achieve a preliminary understanding of the biological functions in which these hub genes may participate ([Table II](#tII-mmr-19-01-0143){ref-type="table"}). The results of GO analysis indicated that the main biological processes of the selected hub genes consisted of extracellular matrix disassembly or organization, leukocyte migration, collagen catabolic process, cell adhesion, proteolysis, positive regulation of cell migration and angiogenesis. The primary cellular component terms included the extracellular region, extracellular matrix, stress fiber, extracellular space, proteinaceous extracellular matrix, filopodium, extracellular exosome, lamellipodium and perinuclear region of the cytoplasm. Finally, the primary molecular function terms included serine-type endopeptidase activity, metalloendopeptidase activity, actin binding and calcium ion binding. According to the GO terms and the distribution of hub genes, the role of a protein in HNSCC may be preliminarily hypothesized. For instance, MMP9 may participate in extracellular matrix disassembly (GO:0022617) via exertion of metalloendopeptidase activity (GO:0004222) in the extracellular space (GO:0005615). Furthermore, KEGG pathway analysis indicated that the screened hub genes were primarily involved in extracellular matrix-receptor interaction (hsa04512), focal adhesion (hsa04510), the PI3K-Akt signaling pathway (hsa04151), pathways in cancer (hsa05200), small cell lung cancer (hsa05222) and amoebiasis (hsa05146).

### Construction and analysis of the PPI network are implemented via STRING based on hub genes

In order to analyze the interaction of hub genes, a PPI network was constructed using the online tool STRING. In total, 19 nodes and 29 edges were obtained (average node degree, 3.05; PPI enrichment P-value, 7.55×10^−15^; meaning of network edges, medium confidence score of 0.4), indicating a possibly high correlation among these hub genes ([Fig. 4A](#f4-mmr-19-01-0143){ref-type="fig"}).

To confirm the possibility of interactions in the PPI network, certain nodes of the PPI network were selected according to the following aspects: Edge thickness (line thickness indicates the strength of data support) ([Fig. 4A](#f4-mmr-19-01-0143){ref-type="fig"}), the results of the PPI clustering (k-means clustering; number of clustering=3; [Fig. 4B](#f4-mmr-19-01-0143){ref-type="fig"}) and the principle that the expression correlation means possible function interdependency. Correlation analysis of the gene expression levels were further verified using GEPIA, which is based on a large sample size from TCGA and GTEx databases. The selected correlations consisted of CEACAM1-FN1, MYH7-ACTA1, MMP11-MMP1 and ACTA1-LAMC2, and all the correlations were verified using GEPIA ([Fig. 4C](#f4-mmr-19-01-0143){ref-type="fig"}). The aforementioned evidence presumes that correlations among expression levels suggest that associations exist on the functional level, and it is further suggested that these genes may be associated with the development or progression of HNSCC.

### Nine hub genes are positively or negatively associated with overall survival, and may be used as potential tumor markers and prognostic indicators

Based on the screening of tumor markers, overall survival analysis of hub genes was performed using GEPIA. The results suggested that nine hub genes (including SPP1, ITGA6, TMPRSS11D, MMP1, LAMC2, FAT1, ACTA1, SERPINE1 and CEACAM1) exhibited positive or negative associations with the overall survival of patients with HNSCC, and these hub genes may be used as potential tumor markers and prognostic indicators ([Fig. 5](#f5-mmr-19-01-0143){ref-type="fig"}). Nevertheless, the remaining hub genes had no effect on the prognosis of patients and may be involved in other processes of HNSCC development, which may be attributed to the interaction of a variety of factors in the occurrence of cancer. The nine hub genes validated by the online database GEPIA, correlated with the prognosis of patients. Furthermore, studies regarding the nine hub genes in HNSCC are limited according to literature retrieval in NCBI/PubMed (<https://www.ncbi.nlm.nih.gov/pubmed>; key words, hub gene and HNSCC, ignore language, publication data and article types). To the best of our knowledge, no previous studies regarding the effects of TMPRSS11D and ACTA1 in HNSCC have been performed to date.

Discussion
==========

Microarray and high-throughput sequencing technology provides valuable research information through profile screening of small sample sizes. Gene expression profile microarrays provide data from different samples, allowing for the identification of DEGs using bioinformatics analysis that can be applied in further studies ([@b10-mmr-19-01-0143],[@b11-mmr-19-01-0143],[@b29-mmr-19-01-0143]). Microarray data are stored in public databases for sharing and re-mining, including GEO-datasets, TCGA and Oncomine ([@b16-mmr-19-01-0143],[@b22-mmr-19-01-0143],[@b30-mmr-19-01-0143]). Through data mining and bioinformatics analysis, researchers are able to use public databases as valuable references for biological research ([@b11-mmr-19-01-0143],[@b17-mmr-19-01-0143],[@b31-mmr-19-01-0143]).

In the present study, three data series associated with HNSCC (GSE83519, GSE58911 and GSE6631) were identified and then deep mining of genomics data was performed with the aid of bioinformatics software. The three included data series were based on paired samples and the target genes were identified as the common intersection of the three data series. The three data series examined in the present study were all derived from paired tumor and control samples of HNSCC patients, thus increasing the reliability of the study. Furthermore, the common DEGs identified demonstrated the same distribution tendency among the three data series. These common DEGs may be regarded as results from three experiment repetitions and an enlargement of the sample size, which increases the reliability of the gene expression trend. Comprehensive analysis of the above-mentioned databases confirmed the reliability of data with regard to experimental reproducibility and sample size. Furthermore, through screening and database validation, the intersection of the selected DEGs was found to include 19 mRNAs, which were defined as the hub genes and considered to be highly correlated with HNSCC. The 19 hub genes were differentially expressed in HNSCC simultaneously, suggesting that these genes may independently or dependently be involved in the occurrence or development of HNSCC. Thus, GO and KEGG pathway analyses were adopted to perform functional enrichment of hub genes, and these analyses categorized target genes in order to identify genes of interest. Functional enrichment analysis suggested that the highly correlated hub genes may participate in a variety of biological processes. Additionally, a PPI network was constructed based on the principle that proteins with associated expression levels may interact with one another. The PPI network and the network clustering results based on hub genes identified in the present study indicated that MMP11, CEACAM1, MYH7 and ACTA1 were located in the first layer of the network. These genes were suggested to be involved in the PPI network through higher binding, as indicated by the edge thickness, which included CEACAM1-FN1-SERPINE1, MYH7-ACTA1-LAMC2 and MMP11-MMP1-MMP9. In order to further confirm these associations, the correlations among connective nodes were verified based on large sample sizes using GEPIA, following the principle that proteins with associated expression levels may exhibit interactions, including CEACAM1-FN1, MYH7-ACTA1, MMP11-MMP1 and ACTA1-LAMC2. The results suggested that each protein in the primary line of the network exhibited a positive or negative correlation. The results further demonstrated that the hub genes participated in HNSCC through protein-protein interactions.

The bioinformatics analysis conducted in the present study provided important references for subsequent research; however, it also has certain limitations. For instance, genes that were differentially expressed among the three data sets were screened as hub genes, which suggested that these genes may have potential research value. However, useful information may be lost in the screening process. For example, TP53, a routine tumor suppressor, was screened out as it was only included in GSE83519, but not in other two databases. However, as a conventional tumor suppressor, TP53 has been demonstrated to be highly mutated and hold important biological significance in HNSCC ([@b32-mmr-19-01-0143]).

The principle aim of present study was to screen a number of genes or proteins and provide a reference for clinical diagnosis, treatment and prognosis of HNSCC. In line with the purpose of screening tumor markers and prognostic indicators, analysis of the association of survival with the expression of the 19 hub genes was performed using GEPIA. The results indicated that nine of the hub genes (SPP1, ITGA6, TMPRSS11D, MMP1, LAMC2, FAT1, ACTA1, SERPINE1 and CEACAM1) were identified as significant prognostic indicators of HNSCC. To the best of our knowledge, few studies have investigated these nine hub genes in HNSCC according to literature retrieval using NCBI-PubMed. Previous studies have revealed that the expression level of SPP1 in the plasma is negatively associated with the survival time of the patients with HNSCC ([@b33-mmr-19-01-0143]), and this was consistent with the results of the present study analysis; however, these results remain controversial; another study concerning HNSCC found no correlation between SPP1 expression level and prognosis of HNSCC ([@b34-mmr-19-01-0143]). In addition, it has been reported that ITGA6 and LAMC2 promote the migration and invasion of HNSCC cells ([@b35-mmr-19-01-0143]), and that MMP1 serves a role in the invasiveness of HNSCC ([@b36-mmr-19-01-0143]). Furthermore, the mutation status of FAT1 is associated with the prognosis of HPV-negative HNSCC ([@b37-mmr-19-01-0143]). A previous study also reported that TMPRSS11D expression was reduced in squamous cell carcinogenesis ([@b38-mmr-19-01-0143]), whereas a different study revealed that the expression of this gene was significantly higher in non-small cell lung carcinoma tissues compared with that in adjacent normal tissues ([@b39-mmr-19-01-0143]). Nevertheless, previous studies focusing on TMPRSS11D in HNSCC have not been identified. Notably, the analysis of the present study suggested that the expression level of TMPRSS11D was positively associated with the survival time. Thus, it is necessary to perform further research regarding the role of TMPRSS11D in HNSCC. A recent study reported that CEACAM1 promotes the growth of HNSCC tumors ([@b40-mmr-19-01-0143]). However, to the best of our knowledge, no further studies on the underlying mechanisms have been performed, and there appears to be only one other study reporting that CEACAM1 is overexpressed in oral tumors and correlated with carcinogenesis ([@b41-mmr-19-01-0143]). In addition, previous data analysis of colon cancer demonstrated that ACTA1 may be associated with the methylation status of the oncogenome ([@b42-mmr-19-01-0143]), but no further research has been performed, particularly in HNSCC. Furthermore, a study reported that SERPINE1 promotes cell migration, and overexpression of SERPINE1 was revealed to be associated with poor survival in HNSCC ([@b43-mmr-19-01-0143]). All of the aforementioned studies demonstrate that the mRNAs or proteins identified through bioinformatics analysis in the present study are involved in the biological process of HNSCC, which was in accordance with our hypothesis. Notably, no studies investigating TMPRSS11D and ACTA1 in HNSCC have been identified. Although the aforementioned literature analysis is only based on PubMed search, which is an authoritative and comprehensive database, it also reflects the research status of these genes to a certain extent. Therefore, the present study also provided a practical and feasible direction for further research.

Through rigorous statistical analysis, bioinformatics analysis is able to provide theoretical biological mechanisms and promote the development of biological research ([@b13-mmr-19-01-0143],[@b15-mmr-19-01-0143]). However, further verification is required to confirm the results presented in the current study. In the initial analysis, the sample size of the three enrolled databases was small. If data from the TCGA or Oncomine databases, which contain more samples, are reasonably integrated in the initial analysis, the validity of the results of the present study will be increased.

In conclusion, in the current study, a novel set of core genes associated with HNSCC that may serve as potential biomarkers was identified based on a series of bioinformatics analyses and a large sample database. However, further validation is required to verify these results.
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###### 

Visual presentation of the differentially expressed genes (\|logFC\|≥1; P≤0.05) included in the three data series examined in the present study. Hierarchical clustering graphs of genes in the (A) GSE6631, (B) GSE58911 and (C) GSE83519 data series are shown. Rows represent the mRNAs and columns represent the samples. Red and green represent upregulated and downregulated genes in cancerous tissues compared with paired adjacent normal samples, respectively. Volcano plots for (D) GSE6631, (E) GSE58911 and (F) GSE83519 data series are displayed. The x-axis represents the log~2~ of FC and the y-axis represents the negative log~10~ of the P-value. Red and grey foci on the graphs represent differently and non-differentially expressed mRNAs, respectively, in head and neck squamous cell carcinoma. FC, fold change.
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###### 

Hub genes derived from the three data series. (A) Venn diagram demonstrating the intersections of data series GSE6631, GSE58911 and GSE83519. Intersections represent the differentially expressed genes in two or three data series. Hierarchical clustering graph represents the hub genes derived from the data series (B) GSE6631. Hierarchical clustering graphs represent the hub genes derived from the data series (C) GSE58911 and (D) GSE83519.
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Relative expression levels of hub genes. (A) Upregulated and (B) downregulated genes were identified using Gene Expression Profiling Interactive Analysis (GEPIA) based on The Cancer Genome Atlas database. Red and black boxes represent the relative expression levels of genes in the tumor and normal samples, respectively. The y-axis represents the relative expression levels of genes in terms of log~2~ (TPM+1) (tumor samples, 519; normal samples, 44 from GEPIA; P≤0.05). TPM, transcripts per million.
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![PPI networks of hub genes. (A) PPI network, and (B) k-means clustering of the PPI network are displayed. Nodes represent the proteins; colored nodes represent the query proteins and first layer of interactors; white nodes represent the second layer of interactors; edges represent the protein-protein associations; and the line thickness indicates the strength of data. (C) Associations among the expression of hub genes in the PPI networks produced using Gene Expression Profiling Interactive Analysis based on The Cancer Genome Atlas database (P≤0.05). PPI, protein-protein interaction.](MMR-19-01-0143-g06){#f4-mmr-19-01-0143}

![Association of hub gene expression with overall survival. Curves were produced using Gene Expression Profiling Interactive Analysis based on The Cancer Genome Atlas database (P≤0.05).](MMR-19-01-0143-g07){#f5-mmr-19-01-0143}
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Differentially expressed genes in the three data series.

                         Differentially expressed genes           
  ---------- ----------- -------------------------------- ------- -------
  GSE6631    22 paired   66                               119     185
  GSE58911   15 paired   204                              450     654
  GSE83519   22 paired   1,166                            1,100   2,266

###### 

GO and KEGG pathway analysis of hub genes.

  Term                                                 Count   P-value       Genes                                                                      Fold enrichment   FDR
  ---------------------------------------------------- ------- ------------- -------------------------------------------------------------------------- ----------------- -------------
  GOTERM_BP_DIRECT                                                                                                                                                        
    GO:0022617-extracellular matrix disassembly        6       1.36×10^−8^   MMP9, MMP11, FN1, MMP1, LAMC2, SPP1                                        69.77285319       1.78×10^−5^
    GO:0030198-extracellular matrix organization       7       3.87×10^−8^   FN1, SERPINE1, LAMC2, SPP1, COL4A1, ITGA6, COL1A1                          31.56390977       5.06×10^−5^
    GO:0050900-leukocyte migration                     6       1.48×10^−7^   MMP9, FN1, MMP1, CEACAM1, ITGA6, COL1A1                                    43.46505608       1.94×10^−4^
    GO:0030574-collagen catabolic process              5       5.64×10^−7^   MMP9, MMP11, MMP1, COL4A1, COL1A1                                          69.04605263       7.37×10^−4^
    GO:0007155-cell adhesion                           7       5.67×10^−6^   FN1, LAMC2, CEACAM1, SPP1, FAT1, ITGA6, COL1A1                             13.47827084       0.007408
    GO:0006508-proteolysis                             4       0.015348      MMP9, MMP11, TMPRSS11D, MMP1                                               7.070315789       18.30441
    GO:0030335-positive regulation of cell migration   3       0.016282      LAMC2, ITGA6, COL1A1                                                       14.40961098       19.31187
    GO:0001525-angiogenesis                            3       0.023357      FN1, SERPINE1, CEACAM1                                                     11.88954449       26.57648
  GOTERM_CC_DIRECT                                                                                                                                                        
    GO:0005576-extracellular region                    10      7.46×10^−6^   MMP9, MMP11, FN1, TMPRSS11D, SERPINE1, MMP1, LAMC2, SPP1, COL4A1, COL1A1   5.957502452       0.007625
    GO:0031012-extracellular matrix                    6       7.87×10^−6^   MMP11, FN1, SERPINE1, MMP1, COL4A1, COL1A1                                 19.44238976       0.008049
    GO:0001725-stress fiber                            3       0.001279      MYH7, ABLIM1, ACTA1                                                        53.28654971       1.300056
    GO:0005615-extracellular space                     7       0.001379      MMP9, FN1, SERPINE1, LAMC2, SPP1, COL1A1, ACTA1                            4.984487946       1.401185
    GO:0005578-proteinaceous extracellular matrix      4       0.002179      MMP9, MMP11, FN1, MMP1                                                     14.31578947       2.205664
    GO:0030175-filopodium                              3       0.002199      FAT1, ITGA6, ACTA1                                                         40.52779837       2.225839
    GO:0070062-extracellular exosome                   9       0.003242      MMP9, FN1, TMPRSS11D, SERPINE1, CEACAM1, SPP1, FAT1, GPD1L, ACTA1          3.070943099       3.265211
    GO:0030027-lamellipodium                           3       0.010687      ABLIM1, FAT1, ACTA1                                                        17.98421053       10.40403
    GO:0048471-perinuclear region of cytoplasm         4       0.021939      ATP2A1, LAMC2, SPP1, FAT1                                                  6.178150691       20.29296
  GOTERM_MF_DIRECT                                                                                                                                                        
    GO:0004252-serine-type endopeptidase activity      4       0.00235       MMP9, MMP11, TMPRSS11D, MMP1                                               13.93684211       2.240613
    GO:0004222-metalloendopeptidase activity           3       0.006336      MMP9, MMP11, MMP1                                                          23.58779693       5.938097
    GO:0003779-actin binding                           3       0.034758      MYH7, ABLIM1, CEACAM1                                                      9.587845513       28.8746
    GO:0005509-calcium ion binding                     4       0.038688      MMP11, ATP2A1, MMP1, FAT1                                                  4.956617485       31.61489
  KEGG_PATHWAY                                                                                                                                                            
    hsa04512: ECM-receptor interaction                 6       2.08×10^−7^   FN1, LAMC2, SPP1, COL4A1, ITGA6, COL1A1                                    36.65782493       1.93×10^−4^
    hsa04510: Focal adhesion                           6       1.50×10^−5^   FN1, LAMC2, SPP1, COL4A1, ITGA6, COL1A1                                    15.48170276       0.013864
    hsa04151: PI3K-Akt signaling pathway               6       1.78×10^−4^   FN1, LAMC2, SPP1, COL4A1, ITGA6, COL1A1                                    9.244147157       0.165019
    hsa05200: Pathways in cancer                       6       3.29×10^−4^   MMP9, FN1, MMP1, LAMC2, COL4A1, ITGA6                                      8.115091016       0.304375
    hsa05222: Small cell lung cancer                   4       3.65×10^−4^   FN1, LAMC2, COL4A1, ITGA6                                                  25.01357466       0.33712
    hsa05146: Amoebiasis                               4       6.98×10^−4^   FN1, LAMC2, COL4A1, COL1A1                                                 20.05805515       0.644143

GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes.
